Abstract. Several studies indicate that chemokines play important roles in colorectal mucosal immunity by recruiting leukocytes into and out of the lamina propria adjacent to the epithelium. The chemokine CXCL5 which is expressed by epithelial cells within colorectal mucosa is a chemoattractant for neutrophils and has been implicated in Crohn's disease and ulcerative colitis. In addition, CXCL5 is one chemokine which promote angiogenesis related to cancer. The objective of this study was to determine by ELISA assay whether CXCL5 protein level is altered in colorectal cancer (CRC) tissues (n=80) compared with paired normal mucosa. Furthermore, the plasma CXCL5 levels from CRC patients (n=62) compared with controls (n=71) were also examined. Using a TaqMan system we screened for -156G¨C and +398G¨A CXCL5 gene variants in CRC patients (n=228) and a control group (n=231) to assess the role of CXCL5 genotype in CRC. The analyses showed that CXCL5 protein level in colorectal tumours was significantly (P<0.0001) higher than in normal tissue and was lower in plasma in CRC patients compared with controls (P=0.026). Immunohistochemistry revealed CXCL5 immunoreactivity mainly in epithelial cells of the colorectal carcinoma and in normal epithelial cells. Furthermore, patients who were -156C carriers had higher CXCL5 protein concentration compared with -156G carriers in normal tissue (P=0.027) and CXCL5 protein levels in cancerous tissue tended to be higher for the patient -156C carriers (P=0.059). To our knowledge this is the first report on the influence of CXCL5 gene variants and their relation to expression of CXCL5 protein in human CRC.
Introduction
Chemokines are chemotactic cytokines that are responsible for the attraction and guidance of leukocytes expressing chemokine receptors and play an important role in local immunoregulation. These phenomena have impact on inflammation and carcinogenesis of which leukocyte infiltration is an important evidence of almost all cancers (1) (2) (3) .
CXCL5, also referred to as ENA-78, is predominantly an enterocyte-derived, neutrophil-activating chemokine that may play a partial role in neutrophil recruitment from the lamina propria into the epithelial layer in the gastrointestinal tract (4) (5) (6) . Other cell types, including monocytes and endothelial cells, are producing CXCL5 to some extent (6, 7) . IL-1ß has been suggested to be one of the regulators of CXCL5 expression in colonic epithelial cells and also found in higher level in colorectal carcinomas compared with normal tissue (6, 8) .
CXCL5 is related to growth-related oncogene protein (GRO) α (sequence identity 52%) and IL-8 (sequence identity 22%) and acts through the same type of receptors as these chemokines (9) . Interestingly, GROα is more highly expressed in neoplastic than normal colon epithelium (10) and is also, as CXCL5, a potential neutrophile chemoattractant.
CXCL5 belongs to the glutamic acid-leucine-arginine (ELR) motif containing chemokines, which promotes angiogenesis (11) , and has been suggested to be one of the chemokines, including IL-8 and GROα, which promote angiogenesis related to cancer (12) . Furthermore, CXCL5 has been shown to highly correlate with human non-small cell lung cancer derived angiogenesis (13) .
CXCL5 has also been studied in diseases of the intestine where it is expressed by epithelial cells of the intestinal mucosa of patients with Crohn's disease, ulcerative colitis and gastritis (6, 14, 15) . Investigation by Keates et al showed that mRNA and protein of CXCL5 from patient tissues with ulcerative colitis expressed higher levels compared with normal controls (6) .
Immunohistochemical studies in normal human colon and in ulcerative colitis demonstrate CXCL5 immunoreactivity principally associated with crypt epithelial cells (6) . Two single nucleotide polymorphisms (SNPs) have been reported in the literature of the CXCL5 gene, located in the promoter as a G¨C change at position -156 (rs352046) and in exon 2 as a G¨A change at position +398 (rs425535) (16). The polymorphism in the promoter is suggested to occur at a transcription factor binding site for myeloid zinc finger proteins, whereas the polymorphism in exon 2 results in a synonymous substitution, predicted to occur at a splicing enhancer site (16,17). There are limited reports concerning the functional relevance of these polymorphic sites. However, a genotype effect has been demonstrated for the polymorphism in the promoter and CXCL5 concentration in human plasma (18) .
Based on the suggested role of CXCL5 in the pathogenesis of certain diseases we performed an examination of the association of the CXCL5 gene variant and CXCL5 protein expression in colorectal cancer (CRC) patients.
Materials and methods
Patients and controls for CXCL5 genotyping. This study comprised blood samples, which were obtained from 228 patients from South-eastern Sweden, who underwent surgical resections for primary colorectal adenocarcinomas at the Department of Surgery, Ryhov County Hospital, Jönköping, Sweden. This patient group comprised 116 males and 112 females. The mean age was 70 years (range 29-93) and all tumours were classified according to Dukes' classification system: stage A (n=41), stage B (n=98), stage C (n=78) and stage D (n=11). The tumours were localized in the colon (n=118) and rectum (n=110).
Blood-control donors (n=231), with no known CRC history, were selected from Ryhov County Hospital. The control group consisted of 123 males and 108 females with a mean age of 67 years (range 50-93). All blood-controls were from the same geographical region as the CRC patients and all cases and controls were of Swedish Caucasian origin.
Plasma samples. Sixty-two of the CRC patients and 71 healthy blood donors were available for plasma collection. Blood was collected before surgery and all blood, including controls, were separated by centrifugation within 1 h. Plasma was removed and stored at -70˚C. The group of CRC patients comprised of 34 males and 28 females with the mean age of 68 years (range 29-89). The patient tumours were categorized according to Dukes' classification; stage A (n=14), stage B (n=26) and stage C (n=22). Thirty-three tumours were located in the rectum and 29 in the colon. Plasma that was available for controls included 37 males and 34 females with a mean age of 60 years (range 55-67).
Patients and tissue sampling. This study utilized tissue samples which were available from 80 of the CRC patients. The sporadic tumours from 44 males and 36 females with a mean age of 69 years (range 29-90) were collected and classified according to Dukes' classification system: stage A (n=14), stage B (n=34) and stage C (n=32). The tumours were localized in the colon (n=38) and rectum (n=42). From each patient tumour tissue and adjacent normal mucosa (about 5 cm from the tumour) were excised and immediately frozen at -70˚C until analysis.
ELISA. CXCL5 in plasma and tissue was measured using an established commercially available enzyme-linked immunosorbent (ELISA) kit (R&D Systems Europe, UK) following the manufacturer's instructions. Protein expression of IL-1ß was also determined in an available subset including 48 CRC tissue and adjacent normal mucosa (R&D Systems). The plasma CXCL5 concentration from CRC patients and control subjects was expressed as picograms per millilitre (pg/ml) and the CXCL5 and IL-1ß protein levels of cancer and paired normal tissues from the CRC patients were expressed as picograms per milligram of protein (pg/mg).
Tissue protein preparation. Frozen tumour tissue and normal mucosa were thawed, homogenised in ice cold lysis buffer containing PBS (9.1 mM dibasic sodium phosphate, 1.7 mM monobasic sodium phosphate, 150 mM NaCl, pH 7.4) and 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulphate (SDS), 100 μg/ml phenylmethylsulphonyl flouride (PMSF), 2 μg/ml aprotinin, 1 mM sodium orthovanadate and 1 μg/ml leupeptin. The lysate was placed on ice for 30 min and then centrifuged at 13000 g for 10 min. Protein content of the supernatant fluid was determined for each sample using the Bradford protein assay (Bio-Rad Laboratories, UK).
Immunohistochemistry. Twelve tumour samples were available for immunohistochemical staining to study the cell type origin of the CXCL5 expression. Staining was performed using a standard protocol on 4-μm sections from formalin-fixed paraffin-embedded tissue blocks. Endogenous peroxidase activity was quenched by treatment with 3% hydrogen peroxide for 5 min. Sections were subsequently incubated with a primary goat anti-human polyclonal CXCL5 antibody (R&D Systems Europe) in appropriate dilution overnight at 4˚C. After rinsing in Tris-buffered saline, sections were incubated with secondary biotinylated horse anti-goat IgG (Santa Cruz Biotechnology USA). Avidin-biotin peroxidase complexes (Dako Cytomation Denmark) were added followed by visualization with 3,3'-diaminobenzidine tetrahydrochloride (Dako Cytomation). All sections were counterstained with Mayer's hematoxylin (Histolab Products AB, Sweden).
CXCL5 genotype determination. The blood was stored frozen until DNA was extracted using QIAamp DNA blood kit (Qiagen, CA, USA). DNA samples were genotyped using 5'-exonuclease allelic discrimination assay (Applied Biosystems, USA). C__26260418_10 and C___1015616_10 TaqMan SNP genotyping assays were used for analysis of rs352046 and rs425535 genotype respectively (Applied Biosystems). A total of 12.5 ng DNA was amplified in a total volume of 12 μl containing 1X TaqMan Universal PCR master mix (Perkin-Elmer, Applied Biosystems) including 1X TaqMan SNP genotyping assay. Amplification was performed by an initial cycle of 50˚C for 2 min, 95˚C for 10 min followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The post-PCR end-point plate was read using the 7500 Fast Real-Time PCR system (Applied Bio-systems). The manual calling option in the allelic discrimination application ABI PRISM 7500 SDS software version 1.3.1 was then used to assign genotypes.
Statistical analysis. Differences in the frequencies of the CXCL5 polymorphisms between CRC patients and the control group and between clinical data within the CRC subgroup were analyzed using the χ 2 test and the Hardy-Weinberg equilibrium was tested for all polymorphisms. Differences in CXCL5 plasma level between patients and control subjects were examined by the Mann-Whitney U test and differences of CXCL5 protein expression between tumour and normal paired tissues were examined by the Wilcoxon's signed rank test. Correlations were analysed with Pearson's coefficient analyses. Statistical analysis was performed using the SPSS for Windows computer package (Rel. 11.5, 2002, Chicago: SPSS Inc.). Results were considered significant at a level of P<0.05.
Results

CXCL5 polymorphism.
To analyse the influence of CXCL5 on colorectal carcinogenesis we investigated the prevalence of promoter -156G¨C and exon 2 +398G¨A gene polymorphisms in 228 CRC patients and 231 control subjects by a TaqMan system.
There was no significant difference in genotype distribution between CRC patients and control subjects or in allelic frequencies (Table I) . Variant alleles at both loci were highly linked in CRC patients and control subjects. All individuals that were genotyped as G/G for the promoter -156G¨C were also G/G at the exon 2 +398G¨A. Furthermore, all individuals that were C/C for the promoter -156G¨C were also A/A at the exon 2 +398G¨A. The genotype and allelic distributions in CRC patients and control group were not associated with clinical characteristics such as age, gender, location or Dukes' stage. All genotype distributions were in Hardy-Weinberg equilibrium.
Plasma levels of CXCL5. To search for tumour markers, the plasma levels of CXCL5 were measured by ELISA in 62 CRC patients and 71 healthy control subjects. The CXCL5 plasma concentration was lower in CRC patients [median 85 (range 0-614) pg/ml] than in controls [median 162 (range 0-1299) pg/ml], with a statistical difference between these groups (P=0.026) (Fig. 1) . However, there were no differences between CXCL5 SNP variants and plasma levels in the CRC patients and in the control group (data not shown). (Fig. 2) . Evaluation of the relative expression (tumour vs. normal tissue) showed 96% (77/80) up-regulation. When assessing this difference in detail we Table I . Genotypic and allelic distributions in % (n) of the promoter and exon 2 CXCL5 gene polymorphisms in CRC patients and controls. 
-----------------------------------------------------------------------------------------------------Genotype CRC (n=228) Controls (n=231) Allele CRC (n=456 alleles) Controls (n=462 alleles) -----------------------------------------------------------------------------------------------------
(2) -----------------------------------------------------------------------------------------------------
CRC patients vs controls: promoter genotypes overall P=0.464, promoter alleles P=0.241, exon 2 genotypes overall P=0.509, exon 2 alleles P=0.279. Immunohistochemical findings. Immunohistochemistry was performed in order to detect the site of CXCL5 protein expression. Immunohistochemical staining of CXCL5 protein showed that CXCL5 immunoreactivity was mainly evident in epithelial cells of the colorectal carcinoma and in epithelial cells in the resection border that reflects normal tissue (Fig. 3) . The observations showed staining of CXCL5 protein in cancerous as well as non-cancerous tissue with an intensity of staining varying from none to strong.
-----------------------------------------------------------------------------------------------------
Levels of IL-1ß in colorectal tissue.
Since IL-1ß is suggested to regulate CXCL5 expression in colonic epithelial cells, the IL-1ß protein concentration was determined by ELISA in protein-lysates of an available subset of colorectal cancerous tissues and matched normal tissues from 48 patients. The levels of IL-1ß protein in cancer tissue [median 190 (range 0-1003) pg/mg] showed significant difference in comparison with normal tissue [median 13 (range 0-1190) pg/mg] (P<0.0001). Evaluation of the relative expression (tumour vs. normal tissue) showed 96% (46/48) up-regulation. Furthermore, the protein level of CXCL5 and IL-1ß in cancer tissue, of the subset investigated, were significantly correlated (Fig. 4) (r=0.46, P<0.01) .
Discussion
In the present study we attempted to identify whether an association exists between the CXCL5 gene SNP variants -156G¨C and +398G¨A and CRC. Our data showed that the genotype distribution and allelic frequencies were not significantly associated with CRC compared with controls. However, our findings confirm that the gene variant -156G¨C is highly linked with the gene variant +398G¨A (16-18). Moreover, we have for the first time been able to demonstrate the distribution of the two SNP variants in a Swedish population.
We also found a significantly higher CXCL5 protein expression in 77 of 80 CRC tissues in comparison with matched normal tissue (P<0.0001), a result that confirms the finding in a study by Baier and colleagues, including a limited number of patients (n=10) restricted to colon (19) . Despite our larger sample collection, including information on clinical characteristics, we could not find an association to any of these, i.e. age, gender, location or Dukes' stage. IL-1ß is over-expressed in CRC related to normal tissue (8) . In studies of CXCL5 regulation using human colon epithelial cells, proinflammatory stimuli such as IL-1ß has been shown to up-regulate CXCL5 (6) . Therefore, we investigated the IL-1ß expression in a subset of our entire sample collection and the results showed that IL-1ß and CXCL5 expression correlated significantly. These findings may partly explain the elevated levels of CXCL5 found in CRC. Moreover, to identify the cellular source and localization of CXCL5 protein we used immunohistochemistry and found immunoreactivity mainly in cancer and normal epithelial cells.
Recently it has been reported that carriers of the -156C variant allele have higher systemically circulating CXCL5 levels compared with wild-type homozygotes (18) . They also noted that a higher prevalence of this allele was associated with increased leukocyte-produced CXCL5. However, the plasma and leukocyte-produced CXCL5 were not significantly correlated in the same sample from the study population.
In our study, using standard ELISA method, we noted that the range of the plasma CXCL5 concentration was comparable to other control groups (18, 20) and that the levels of plasma CXCL5 in CRC patients were significantly lower than in controls. However, we failed to detect any association between genotype and plasma concentration of CXCL5 in CRC patients or controls. The circulating and tissue concentrations of CXCL5 in CRC patients were not correlated with one another which can reflect that CXCL5 derives from different sources such as leukocytes, epithelial and endothelial cells. The reduced plasma concentration of CXCL5 in CRC patients relative to controls may indicate that CRC patients have an immunologic imbalance resulting in impaired production of CXCL5 from leukocyte and endothelial cells and/or restricts the secretion of CXCL5 from epithelial cells in colon and rectum.
When assessing a potential relation between genotype (-156G¨C) and tissue concentration of CXCL5 we found that patients who were C carriers had significantly higher CXCL5 levels compared with G/G carriers in normal tissue and noted a trend showing higher CXCL5 concentration in cancerous tissue within the patient C carriers group. Whether -156C allele is directly responsible for the elevated production of CXCL5 in CRC tissue or whether there is a linkage disequilibrium between this allele and other polymorphisms nearby remains to be elucidated. Overall, extended research including functional studies and larger study samples is required to reveal any influence of the C allele on the CXCL5 concentration in tissue as well as plasma in CRC patients.
The role of chemokines in tumour biology is complex. They have been suggested to regulate trafficking of leukocytes and may have impact on inflammation and carcinogenesis (4, 5) . The CXCL5 regulates neutrophils homing to the intestinal mucosa and seems to contribute to the anti-tumour immunity (1) (2) (3) (4) (5) . On the other hand CXCL5 has been suggested to play a partial role in regulating angiogenesis relevant to cancer (12) and thereby has a tumour growth function. For instance, CXCL5 has been associated with human non-small cell lung cancer and pancreatic cancer angiogenesis and thus contribute to tumourigenesis (13, 21) .
The functional consequence of CXCL5 expression in human CRC is not yet established. Other chemokines, such as IL-8 and GROα, with overlapping functions could have a complementary driving force for the development of CRC.
Little is known about the influence of CXCL5 gene polymorphisms on the levels of CXCL5 protein in human tissues. To our knowledge this is the first report on the influence of CXCL5 gene variants and their relation to expression of CXCL5 protein in human CRC. From a molecular point of view, the pathological significance of the observed findings remains open as long as the underlying mechanisms are unclear. The results presented in this study comprise the initial stage of forthcoming studies in our laboratory on intervention of chemokines regarding tumour growth, metastasis and clinical relevance in CRC.
